Background: Due to the lack of bibliometric studies in the field of lingual orthodontics in dentistry, the aim of this study was to assess the evolution and current status of activity in this field during the period 1978-2017. Methods: A bibliometric analysis of the scientific articles indexed in the Science Citation Index-Expanded of the Web of Science and in the Scopus® database was performed using the truncated terms "ling* apppli*" or "ling* orthod*" or "ling* bracket*". The types of texts included for analysis were limited to "articles" and "reviews". The following information was extracted from each article identified: title, authors' name(s), institutional affiliation(s), country of origin, journal title, year of publication, type of publication, and number of citations. Results: A total of 341 articles were identified by 646 different authors, 6.2% were reviews and 93.8% were other types of journal articles. Bibliometric indicators showed a tremendous increase in the rate of publication over time with two peaks in productivity in 1989 and 2013. Fourteen authors and 15 institutional collaboration networks were identified in which European institutions were the most productive. Methodological articles were the most frequent types of research articles (28.1%), followed by case reports/series (17.1%), and narrative reviews (4.7%). Articles providing the highest quality evidence were interventional clinical trials (1.8%) and systematic reviews (0.9%). The remaining articles were non-research papers and were for information purposes only. Conclusions: Bibliometric indicators point to an irregular increase in the numbers of published works in lingual orthodontics over time. Research output is dominated by methodological articles as a technique-driven subspecialty. Although articles on lingual orthodontics are published mainly in North American journals, lingual orthodontics is largely a European domain.
Background
The increase in demand by adults for orthodontic treatment has been mirrored by an increased availability and demand for aesthetic treatments such as lingual appliances [1] . Despite being available for over 30 years, it is perhaps only over the past decade or so that lingual therapy has entered mainstream practice and become more widely accepted as a viable treatment option for treating most malocclusions, and as a suitable alternative to conventional labial appliances [2] . Clinically improved laboratory techniques have overcome many of the difficulties that a previous generation of orthodontists encountered when they first tried to apply this innovative technique [3] . In addition to the aesthetic advantages of lingual appliances, they have also been shown to reduce the risk of enamel decalcification in comparison with labial brackets and to guarantee high precision in treatment outcomes [4] .
Demand has not only increased among adult patients but since the introduction of completely customized lingual appliances, a growing number of adolescents are now being treated with lingual techniques [4] .
Bibliometrics is the analysis of a set of literature to show the historical development of subject fields and patterns of authorship, publication, and use. The most common bibliometric indicators are based on the scientific productivity of researchers, organizations, and countries. This usually aims to measure the impact of research published in journals, on the basis of the number of citations a paper receives, regarded as a measure of the paper's importance [5] .
In recent years, only three bibliometric studies have been published investigating publication trends in orthodontic research [5] [6] [7] [8] but none of them have specifically investigated the field of lingual orthodontics. The first [7] analyzed the 100 most cited articles in orthodontics from 1975 to 2011; the second [6] explored and compared the publications in three major orthodontic journals over two 5-year periods; the latest [8] , identified the most cited articles from 2000 to 2015 based on the h-index. Unlike analyses of other dental specialties such as implant dentistry [9] or oral surgery [10] , none of these three studies made a complete and rigorous analysis.
Given the lack of bibliometric studies of research in the specific field of lingual orthodontics, the aim of this study was to assess the evolution and current status of scientific activity in this specific field during the period 1978-2017 through a bibliometric analysis of the scientific articles indexed in the Science Citation Index-Expanded of the Web of Science (Clarivate Analytics, 1500 Spring Garden St, Philadelphia, United States) and in the Scopus® database (Elsevier B.V. Radarweg 29, 1043 NX Amsterdam, Netherlands).
Materials and methods

Search strategy
The search was conducted in two databases, and aimed to identify the entire body of scientific production in the field of lingual orthodontics: the Science Citation Index-Expanded of the Web of Science (SCI) and the Scopus® database. Both were selected on the basis of their broad thematic and geographic coverage of health sciences.
In the SCI database, the search was conducted employing the terms "ling* apppli*", or "ling* orthod*", or "ling* bracket*" in the topic field, and two inclusion criteria were applied: firstly, only documents denominated as articles or reviews were included; and secondly, and only articles categorized as Medicine, Dentistry, and Oral Surgery were included.
In the Scopus® database, the following search equation was applied containing the same terms used as the SCI: TITLE-ABS-KEY (["ling* apppli*" OR "ling* orthod*" OR "ling* bracket*"]) AND (LIMIT-TO [DOCTYPE, "ar"]) OR (LIMIT-TO [DOCTYPE, "re"]).
The field selected in the Scopus® database (Title, Abstract, Keywords) was equivalent to the field "Topic" in the SCI. In Scopus®, the results were limited to articles and reviews, and only papers about dentistry were included. Non-English papers were excluded.
Both searches were performed in June 2018 and the period covered was defined by the earliest published research in lingual orthodontics in 1978 (first document obtained) to 2017.
The Impact Factor (IF) of each article was calculated to evaluate the impact of the journals in the SCI. The IF is calculated by dividing the number of citations in the Journal Citation Reports database year by the total number of articles published in the two previous years. The impact of journals in Scopus® was assessed by their rank in the Scimago Journal & Country Rank (SJR) database. The SJR is calculated by indicating the average number of weighted citations received during a selected year per document published in that journal during the previous three years.
Data collection
The following information was extracted from each article identified: title, authors' name(s), institutional affiliation(s), country of origin, journal title, year of publication, type of publication, and number of citations.
Records were manually refined and normalized to unify terms and to remove typographical, transcription, and/or indexing errors; normalization was completed in the fields "Author," "Organization," and "Country of Origin." Normalization was complicated by the numbers of different entries for a single author. In these cases, the institutional affiliations of the authors were consulted to check whether different entries belonged to the same author. If this information was not available, an Internet search was carried out to eliminate potential error. Normalization of organizations followed the same procedure. Only macro-organizations (i.e., Universities, and research centers) were included, discarding microorganizations, such as individual departments or research units. When the same organization signed the 
Collaboration networks between authors (defined as more than two collaborations). The size of the nodes is proportional to the number of articles published by each author. Wiechmann D leads the group with the highest level of collaboration same work more than once, it was only counted once. The "country" field was also normalized.
Data analysis
Descriptive analysis of variables and crosstables were performed using Microsoft Access database and Excel software (One Microsoft Way Redmond, WA 98052-6399, USA). The evolution of scientific productivity by authors, organizations, countries and journals was assessed, as well as the frequency of the appearance of keyword categories. Analysis and visualization of large networks were performed using Pajek software [11] .
For the determination of the type (observational clinical trials, laboratory studies and case reports or series, reviews, interviews, systematic reviews, informative studies and others) and quality of the study, the content of the articles has been analyzed through the information available in the title and summary. The quality of the studies was assessed on the basis of methodological parameters such as the presence of a control group, the number of patients included, as well as statistical analysis.
Results
The annual evolution of the scientific production is shown in Fig. 1 . The 40-year period 1978-2017includes the publication of 341 articles, which were placed in order according to the publication date ( Fig. 1 ). Of 341 selected articles, 316 articles were found in Scopus®, 90 in SCI and 65 were available in both Scopus® and SCI database.
The selected 341 articles were written by 641 different authors. The average number of author per paper was 3.3. Seventy percent of authors (n = 452) were responsible for a single work, 17% (n = 109) for two works, and the remaining 13% (n = 85) for more than two works. Those authors with more than five publications (n = 17) are shown in Table 1 . Based on the Pajek algorithym, 14 author collaboration networks were identified (Fig. 2) . The size of the nodes is proportional to the number of articles published by each author. The largest network consists of 12 authors led by Wiechmann Dbeing the most productive author with 32 publications. The same network includes three other notably productive authors: Fillion D, Schwestka-Polly R and Hohoff A. Each of these authors form part of the two most productive networks, linked through Wiechmann D. Twelve of the most productive authors belonged to collaboration networks.
The most productive institutions (n = 25) and their nationalities (which were the same nationalities as all the authors with more than three published works) are shown in Table 2 . The Muenster University Hospital is in the first place with 25 articles.
Collaborations between institutions (defined as more than one collaboration between institutions) obtaining a total of 15 collaboration networks are illustrated in Fig. 3 . These networks are made up of 450 institutions, the most extensive being led by Muenster University Hospital in collaboration with 13 other institutions, most of them German institutions.
Regarding countries, the most productive countries with more than 20 articles published by national authors were Germany (58 articles), Italy (28 articles), South Korea (28 articles) and United States (23 articles). However, Germany and United Stateswere the two countries participating in the most collaboration works (Fig. 4) . The scientific journals with more than one work published according to the SCI and Scopus® databases are shown in Table 3 . Both databases (SCI and SJR) complement one another but are not comparable since the number of journals and the means of calculating rankings are different. A distribution in classes (quartiles) may be a convenient way of comparing journal rankings across different databases (Tab. 3).
The most cited articles are shown in Table 4 . Articles that have received the most citations registered in the SCI and Scopus®, referred to as "hot papers". Kinya Fujita, inventor of the lingual bracket technique, tops the list.
A classification of the articles according to the type of study is shown in Table 5 . Laboratory studies (methodological articles) are the most frequent type of research paper (28.1%), followed by case reports/series (17.1%), and narrative reviews (4.7%). The highest quality evidence in the field of lingual orthodontics is provided by interventional clinical trials and systematic reviews but these only represent a tiny proportion of all published works: 1.8 and 0.9% respectively.
Discussion
To address the nonexistence of bibliometric studies in the field of lingual orthodontics, the aim of this study was to assess the evolution and current status of research activity during the period 1978-2017.
The present study adopted a thorough selection process, applying several search terms ("ling* apppli*" or "ling* orthod*" or "ling* bracket*") and detailed inclusion criteria to identify relevant articles in the SCI and Sco-pus® databases, which were then ranked by the number of citations received by each one.
Regarding the evolution of scientific production, some dental specialities such as Implantology [5] or Periodontics [10] have undergone increasing growth in the quantity of published research in recent years. But the field of lingual orthodontics (with 341 original studies) has followed a different pattern, with increased production up to the year 1989 followed by a fall. More recently, between 2003 and 2017, research activity has taken off again with 2013 seeing the highest number of published works ever (34 articles). This could be due to the general increased demand for orthodontic treatment by adults, Table 4 Articles with highest numbers of citations registered in the SCI and Scopus® database the appearance on the market of new lingual orthodontic systems, and clinically improved laboratory techniques. Review articles remained constant during this period with no increase. Most of the works identified were research articles and were found in the Scopus® database.
Most of the authors published only one work. Of those with more than five published works, Wiechmann D was the most productive and outstanding among the other authors, with a total of 32 published works, double the number published by Fillion D (16 works), in second place. But on the basis of the number of citations received by each article, another different author, Fujita K, is notable for the 41 citations registered in the Journal Citation Report (JCR) database [12] for his 9 works.
As for the number of authors per work, the average was 3.3, a lower average than in other dental specialities such as implantology with an average of 4.66 [9] or periodontics with an average of 5.1 [13] and a much lower average than other medical fields such as cardiology with an average of 10.5 authors per work [14] . Nevertheless, the number of authors per work has increased from an average of 1.6 to 4.2 in recent years, an evolution that corresponds to other medical fields due to the multidisciplinary nature of much recent research activity [15] . One work was found to lack definite authorship, one had ten authors, and 95 works were published just by a single author. Most institutions; 164, produced only one published work and only 10 institutions published more than five. Regarding the types of institution, most were universities and hospitals, with the exception of one private practice in Bad Essen (Germany) associated with the most productive author, Wiechmann D. European institutions -German and Frenchhead the list, unlike other dental specialities in which most research activity takes place in North American institutions [9, 16] .
The most productive authors worked in institutions in 12 different countries. The most productive countries were European, with Germany doubling Italy and South Korea in second and third place. As with the institutions publishing research, contrary to other specialities, USA is not among the three most productive nations.
All the articles included in the present analysis were published in 94 scientific journals indexed in SCI or Sco-pus® databases, or in both. The three scientific journals with most published works and citations registered in both databases were: The Journal of Clinical Orthodontics, The American Journal of Orthodontics and Dentofacial Orthopedics and The Angle Orthodontist, while some articles were published in scientific journals that only appeared in one database. A possible explanation is that these three scientific journals are popular, highly respected journals in orthodontics with a high impact factor that per se can influence the authors' decision about where to publish. Another parameter to be considered is the frequency of publication of orthodontic journals (American Journal of Orthodontics and Dentofacial Orthopedics, 12 issues per year; The Angle Orthodontist and The Journal of Clinical Orthodontics, 6 issues per year), which increases the amount of content (number of articles) and boosts readership among dentistry professionals.
Not all the articles in our study were published in journals specializing in orthodontics; some were published in journals dealing with other dental specialities such as surgery or esthetic and restorative dentistry with high impact factors as noted by other authors [8] .
This reflects the increasingly multidisciplinary nature of treatments involving orthodontics especially in adult patients, and the need to maximize the impact of orthodontic research.
Among the most cited articles or "hot papers," one article by Fujita K [11] published in 1979 stands out with 41 citations in both the SCI and Scopus® databases, unlike other cited articles whose citations do not appear in both databases. The reason for the high number of citations may be because it was published many years ago; obviously older works may have received more citations simply because they have been available for longer. Generally, citations to papers peak in the second, third, or fourth year after publication, but some papers continue to be cited for many years. A few papers can exhibit delayed recognition. Patterns can vary depending on the type of paper, the field, and the findings reported. Papers reporting methods or techniques can gradually increase in citation frequency over several years as the methods diffuse through the community and prove their utility.
The majority of the analyzed articles were primary research articles; mainly, observational clinical studies, laboratory studies and case reports. Only a small percentage of articles corresponded to secondary research articles (reviews, systematic reviews or metaanalyses).
Conclusions
The bibliometric indicators point to an irregular increase in the numbers of published works in lingual orthodontics over time. Research output is dominated by methodological articles as a technique-driven subspecialty. The number of articles is generally lower compared with other dental or medical specialties, which include several research fields. 
